We present a case of maxillary sinusitis in a diabetic female caused by the basidiomycete fungus Schizophyllum commune. Identification of the isolate was hampered by its atypical features. Subcultures formed sterile medusoid structures from nonclamped mycelia until spontaneous dikaryotization resulted in the development of characteristic fan-shaped fruiting bodies. Identification was confirmed by the presence of spicules formed on the hyphae and by vegetative compatibility with known isolates.
made. The patient underwent left-sided endoscopic sinus surgery with opening of the left frontal, maxillary, and ethmoid sinuses. Thick mucus was present in the left maxillary and sphenoid sinuses. The frontal sinus was found to be normal. Inspissated mucus was removed from the ethmoid sinuses and sent for culture and histological examination. No antifungal agents were prescribed. The patient's postoperative course was unremarkable. By 1 week there had been a dramatic resolution of symptoms, and by 4 weeks the cavity had healed well, with no evidence of residual infection. At her 1-year review the patient was free of disease.
Specimens sent for histological studies showed extensive eosinophilic infiltration with Charcot-Leyden crystals. There was no tissue invasion. Examination after Gomori methenamine silver staining showed septate, nondichotomously branching fungal hyphae. Direct microscopy of a KOH preparation of the surgical specimen showed the presence of hyaline septate hyphae with rare dichotomous branching, suggestive of an Aspergillus species.
Mycology. Culture at 27 and 37°C on Sabouraud dextrose agar containing gentamicin yielded a rapidly growing, white to pale buff, densely woolly fungus with a pale-brown reverse. It produced a strong disagreeable odor. There was no growth on medium containing cycloheximide. No bacteria were isolated under aerobic or anaerobic conditions. Microscopic examination of the mold showed hyphae of various widths (2 to 6.5 m). Some hyphae bore small peglike projections (spicules) ( Fig. 2A) , but there was no evidence of clamp connections. The isolate was held for several months and subcultured on different media, but it failed to sporulate under any conditions. It remained unidentified until a connection between the spicules and S. commune was made by one of us (L.S.) (19) . Further study showed the isolate to be tolerant of benomyl (2 g/ml), consistent with this basidiomycete (19, 21) . Further evaluation of the isolate was done at Auckland Hospital, Auckland, New Zealand, and at the University of Alberta Microfungus Collection and Herbarium, Edmonton, Alberta, Canada, where the isolate was deposited as accession no. UAMH 8729.
Cultures of the fungus on potato dextrose agar grown in the light of a window sill produced many small, tube-like structures measuring 1 to 2 mm in diameter by 2 to 4 mm in height and having a central cavity (Fig. 3A) . Some of these developed into irregular to cup-shaped fruiting bodies (3 to 5 mm in diameter by 3 to 5 mm in height) (Fig. 3B ), but they failed to develop into the typical fan-shaped basidiocarp of S. commune or to produce basidiospores. Similar aberrant fruiting bodies of S. commune have been described previously as medusoid (14) . Moreover, no clamp connections were found in either the medusoid fruiting bodies or the mycelial mat, although occasional septa showed rounded protuberances.
To confirm the identity of this fungus as S. commune, the case isolate was tested for compatibility by growing it together with each of three single-basidiospore isolates of S. commune, UAMH 7693, 7694, and 7695, as described previously (21) . Between each pairing of the case isolate and a single-basidiospore isolate, clamp connections were observed at the contact zone between advancing mycelia (Fig. 2B ), thereby demonstrating dikaryotization and partial compatibility and confirming the identification. No basidiocarps were formed in pairings. No clamp connections were observed when the case isolate was grown alone on different media and under different conditions, except in two separate subcultures on potato dextrose agar, one incubated in the window and one incubated in a translucent container. Sectors of each of these cultures spontaneously developed clamps after approximately 3.5 months. Clamped and nonclamped hyphae were mounted in DAPI (4Ј,6-diamidino-2-phenylindole; Sigma-Aldrich Canada Ltd., Oakville, Ontario) and examined by fluorescence microscopy. The nonclamped hyphae contained a single nucleus per cell (monokaryon), while the clamped hyphae contained two nuclei per cell (dikaryon). Potato dextrose agar subcultures of the sectors having clamped hyphae developed typical fan-shaped basidiocarps and basidiospores after 3 weeks of incubation, in addition to tube-like medusoid structures similar to those observed in the original cultures.
Discussion. S. commune occurs worldwide on a wide range of dead deciduous trees and uncommonly on vegetation such as hay, where its fan-shaped basidiocarps are easily identified (4, 19) . Although S. commune is ubiquitous in nature, there are only rare reports of its association with human infections, including those of the brain, lung, and mouth (5, 15, 16, 20, 21) . Animal studies have shown that S. commune is a fungal agent of relatively low virulence causing a progressive low-grade infection, with death occurring in some very young animals, and in which the progress of infection is influenced by the age of the host, the size of the inoculum, and prior treatment with an immunosuppressive agent (5, 6).
The incidence of fungal sinusitis, particularly in immunocompetent patients, appears to be increasing (23, 24) . Although many cases of sinusitis have been attributed to the genus Aspergillus, several reports document the emerging role of S. commune in chronic or allergic sinusitis (2, 3, 8, 11, 17, 22) or other allergic pathologies (1, 7) . Because the hyphae of this basidiomycete may appear similar to those of Aspergillus species in mucosal specimens, accurate diagnosis of S. commune infection relies on recognition of the fungus in culture.
Clinically and in the laboratory, confusion with Aspergillus infection can occur in the initial presentation and the microscopy of the specimen. Based on our patient's history, nasal endoscopy, and CT scan, the initial clinical diagnosis was that of indolent invasive Aspergillus sinusitis mimicking a mucocele (18) . The hyphae in the tissue also resembled those of Aspergillus species in being septate and light colored and in lacking clamp connections. In a study of human and animal S. commune infection, Greer (5) observed the presence of two kinds of hyphae in tissue, narrower filaments, 3 to 6 m wide, and broader ones, up to 15 m in width, each of which bore clamps and, rarely, spicules. However, in most reports concerning S. commune infection, clamps were either overlooked at initial examination or not found, and hyphae were of the narrower type, and then more similar to those of aspergilli (1, 15, 17, 21) . Thus, isolation and accurate identification of the fungus are important in making the correct diagnosis of S. commune infection.
Dikaryotic isolates of S. commune are fairly readily recognized due to the presence of spicules and clamp connections on the hyphae and the development of fruiting bodies producing basidiospores. However, dikaryotic isolates may fail to fruit in the dark or on certain media or may lose their fruiting ability. Monokaryotic isolates are more difficult to recognize because they lack clamps and sometimes also spicules (19, 21) or they may demonstrate anomalous behavior, as in our case isolate. The unusual aspects of UAMH 8729 included (i) development of sterile medusoid structures from nonclamped mycelia, (ii) spontaneous development of clamps only in two subcultures that had been held for several months, and (iii) demonstration of typical fan-shaped basidiocarps mixed with medusoid forms once dikaryotized.
Basidiocarps of S. commune are produced by a heterokaryotic mycelium (containing distinct nuclear types) formed by the interaction of two compatible haploid mycelia (monokaryotic; i.e., derived from a single spore). The genetics of fruiting is complex and involves two compatibility factors, A and B, each having two loci and multiple alleles. Raper (13) has reported numerous deviations from normal sexual behavior, particularly under laboratory conditions. Raper and Krongelb (14) described several types of aberrant fruiting, including the medusoid type, in which elongated tube-like structures are sterile or fertile at the tips (i.e., forming basidiospores). Our patient's isolate demonstrated sterile tube-like structures until spontaneous dikaryotization occurred, and then it produced moretypical basidiocarps forming basidiospores. Kern and Uecker (8) also described a medusoid variant causing sinusitis in a diabetic female, but their isolate differed from ours in forming clamp connections at an early stage of development and in forming medusoid structures that produced basidiospores. Hyphal spicules may be considered a confirmatory feature in an otherwise sterile isolate, but difficulties are encountered when they are absent (i.e., in some monokaryons) or when personnel overlook them or confuse them with microconidia ( Fig. 2A) . The latter possibility has been advanced recently by Sigler and Kennedy (20) , who suggested that isolates identified as Myriodontium keratinophilum (10) or Chrysosporium species (9) from cases of sinusitis may actually represent misidentified S. commune. The spicules of the latter could be confused especially with the conidia formed at the ends of narrow pegs, as occurs in M. keratinophilum. Based on the observations of Nobles, who defined the cultural characteristics of many basidiomycetes, the presence of spicules or spinulose projections on the hyphae has long been regarded as a special hyphal feature of S. commune, by far the commonest species of the genus (4). Spinulose hyphae have been reported in another species recently transferred to the genus (12) , but the cultural features and distribution of other species of the genus are less well defined (4) .
Clinical laboratories should not overlook basidiomycetes as potential opportunistic pathogens. It is likely that infections caused by S. commune are misdiagnosed or are not recognized because of the lack of familiarity of clinicians with this fungus and the difficulty many laboratories may have in identifying this basidiomycete. Any white, rapidly growing, sterile isolate with septate hyaline hyphae should be suspected as S. commune if (i) it grows well at 37°C; (ii) it forms a dense, tough (i.e., difficult to cut), woolly colony (but note that colonies of monokaryons are flat and thinly cottony); (iii) it is susceptible to cycloheximide (400 g/ml); (iv) it tolerates benomyl (2 g/ml); and (v) it has a pronounced and disagreeable odor. Confirmatory findings include (i) the presence of spicules on some hyphae (they may be absent in monokaryons), (ii) the presence of clamps at some septa, and (iii) formation of fan-shaped basidiocarps (lacking in monokaryons) when grown in the light. A monokaryon may be confirmed by demonstrating partial compatibility between it and single-basidiospore isolates (i.e., formation of clamp connections at the interface between paired mycelia). By keeping these features in mind, we hope that others will be able to correctly identify atypical isolates of this fungus so that a better understanding of its role in clinical disease will emerge.
